Previous reports from this laboratory on the hemacytological constitution of the rabbit have been limited to observations on male animals. These studies have now been extended to normal females and to females presenting various defects referable to constitutional (hereditary) or environmental influences. It is the purpose of the present paper to present one aspect of these studies; namely, a comparison of the blood cytology of normal male and female litter mates. These comparisons were made in order to determine whether there were statistically significant differences between values obtained for any of the blood cells of the two sexes. Furthermore, correlation coefficients were calculated with the purpose of disclosing to what extent a knowledge of the blood cytology of a buck was relevant information concerning the blood cytology of a litter mate sister.
the same time and housed in separate cages in well ventilated rooms receiving sunlight. The uniform diet fed to all animals consisted of a commercial food supplemented with hay, oats, and a free supply of water.
Blood Ezaminatiom.--The technique of the blood examinations was, with minor modifications, that employed in this laboratory for several years. Total red cell and white cell counts were made with automatic, standardized pipettes, the hemoglobin estimations were made with a Newcomer hemoglobinometer, and platelet counts were determined by the method of Casey and Helmer (1) . Two white blood pipettes were employed at each bleeding. For the differential white cell examinations the supravital, neutral red technique was followed and 300 cells were counted at each determination. When two observers examined the smears, each counted 150 cells on two different preparations, and when three individuals conducted the examinations, two counted 100 cells on two different smears and the third counted 50 cells on each of the same two preparations. All of the total white and red cell counts and the hemoglobin determinations were made by a single individual. Three complete blood examinations were conducted on each animal, and with five exceptions these were made on three successive mornings; for the five pairs of animals, the spread of the three examinations was over a period of 5 days. Twenty-two pairs were counted from October 14 to November 5, 1932 , and the remaining nineteen pairs were examined during the period from October 3 to October 26, 1933. All the bleedings took place in the morning, and whenever a buck was bled, its litter mate sister was bled, either immediately before or immediately after, the interval between the withdrawal of blood from the buck and its sister in no case exceeding 10 minutes.
Analysis of MateriaL--Mean blood cell values were calculated for each animal
by averaging all the counts on the particular animal. From these mean values the mean and standard error of the mean were determined for each blood constituent for the 41 males and the 41 females. Since the purpose of these observations was to compare the blood cytology of litter mates of different sexes, the difference between the values for each pair of animals was determined for each of the fourteen blood constituents under consideration. The mean difference (M~) was obtained for each blood factor by the formula 22d and the standard error f~ of the mean difference from the formula
d representing the difference between the numerical observations on any pair of animals. This method of deriving the standard error of the difference eliminates the variation due to breed; that breed exerts a considerable influence on the blood cytology has already been shown (2) . A mean difference was considered significant when it was at least 2½ times its standard error (t = 2.5 or 2.5+); that is, the probability of such a difference occurring by chance is 1 or less than 1 in 100 (P = 0.01 or 0.01 -). Simple zero order correlations (rl~), and first order partial correlations eliminating age (r12.3), were then calculated by the usual statistical procedures. For determlnlug the significance of these correlation coefficients, the formula f, t = %/i -r: ~x/'~':--2 was used. Published tables (3) are available for translating various levels of t into terms of probability. When the probability of a correlation coefficient occurring by chance was 1 or less than 1 in 100 (P --0.01 or 0.01 -), the correlation was taken to be significant; when the probability of chance influence was between 1 and 5 in 100 (P --0.01+ to 0.05), the result was interpreted as probably significant. A last calculation involved the determination of regression equations. In each case the equation represents the regression of the male on the female value.
RESULTS
The mean blood cell level of each of the 82 animals under consideration is shown in Table I . The mean values for the male and female groups, together with the mean difference for e~ch factor, are presented in Table II. Table III gives the zero order and first order correlations between the blood cell values of the litter mate pairs, and Table IV presents regression equations for each cell element. The correlation coefficients of Table III are presented graphically in Text- fig. 1 .
It is seen from Table II that with the exception of the red cell count and hemoglobin content, no significant differences were observed between the two groups. The red cell count for males was higher than that for females by a mean difference of 300,000 =t= 83,600. This difference is significant since it is 3.6 times its standard error. The hemoglobin value for the male group was higher than that observed in the female group by a mean difference of 5.0 =t= 0.97 per cent, which is 5.2 times its standard error, a significant value.
The simple zero order correlations between the blood cells of the bucks and their sisters ( coefficient for neutrophils per cubic millimeter from a probably significant value to one of no statistical significance.
DISCUSSION
The experiments were planned with the purpose of eliminating so far as possible those variables which could be controlled. Thus the buck and doe comprising a pair were weaned at the same time and placed in separate cages where they were fed a similar diet. All hematological procedures were carried out at the same time and under the same conditions, so that the technical error was presumed to be uniform. Moreover, time of the day and season were constant factors since all counts were conducted in the morning during the 1 month period from October 3 to November 5 of 2 years. It would seem, therefore, that unless an unknown factor or factors were operating, the higher red cell and hemoglobin values in the male group were due to constitutional differences between the sexes. With regard to man there is convincing evidence that these two blood constituents are higher in the male than in the female, but so far as we know it has not yet been definitely shown that these differences are not due to environmental factors. It will be recalled that although all animals included in the experiment were virgin stock, the mean age of 26.0 R =totM red cell count; W --total white ceil count; P = platelet count; H = hemoglobin content; N = absolute neutrophil count; B = absolute basophil count; E = absolute eosinophil count; L = absolute lymphocyte count; M -absolute monocyte count; N % = relative neutrophil count; B % = relative basophil count; E % = relative eosinophil count; L % --relative lymphocyte count; M % = relative monocyte count.
weeks represents a sexually mature animal. What effect various physiological states such as pregnancy, parturition, and lactation might have on the blood cytology of the rabbit are subjects which we plan to investigate.
It should be pointed out that the observations herein reported were made on animals of various breeds. Since wide differences were noted between the mean blood cell levels of different breeds (2), it would be expected that the variance in an array of numerical values would be smaller when they represented animals of the same breed than when they represented different breeds. Thus the standard error of the mean values in Table II is probably larger than would be expected were the observations based on animals of identical breed. The method of analysis employed herein, that is, obtaining the mean difference between the pairs of values and the standard error of the mean difference, reduces the variation due to breed and tends to bring out the significance of smaller differences.
With the exceptions noted, the blood cell levels of bucks and sister does were similar. This method of analysis, however, gave no suggestion as to whether values for litter mate bucks and does ran parallel to each other. Although the mean difference between two groups might be statistically insignificant, individual values for a pair might be totally dissimilar. Correlation coefficients and regression equations (Tables III and 1V , Text- fig. 1 ) were, therefore, calculated in order to determine to what extent a knowledge of the blood cytology of one sex was relevant information concerning the blood cytology of a litter mate of the opposite sex. The significant correlations indicate that with respect to the red cell count, white cell count, hemoglobin in per cent, lymphocytes in absolute and relative numbers, and neutrophils, basophils, and monocytes in per cent, when high values are obtained for a buck, the expectation is that high values will also be found in its litter mate sister. Similarly, low values for the buck would be paralleled by low values for its sister. The extent to which age influences these findings is negligible since the elimination of age did not appreciably affect these relationships. It is of interest to note that all of the fourteen correlation coefficients are positive in sign, and that their summation by the method of transformed correlations yields a significant positive result (r,y --4-0.3908, P --0.01 -).
The question arises whether these correlations measure the effect of environmental or hereditary factors, or a combination of both. The experiments were not planned to elucidate this problem, and it shall, therefore, not be discussed in detail here. Attention, however, should be directed to the fact that a series of studies in this laboratory on the blood cytology Of the male rabbit have been directed to this end (2) . Employing the method of analysis of variance, significant differences between breeds were found for the following cell constituents: red blood cell, total white cell, and platelet counts, hemoglobin in per cent, basophils, eosinophils, and lymphocytes in both absolute and relative numbers, and neutrophils in per cent. It was concluded that these differences in the blood formula of normal rabbits were largely inherited. By the method of linear correlations employed in the present analysis, the following seven of these eleven blood factors gave significant correlations between the sexes: red and white cell counts, hemoglobin in per cent, lymphocytes in both absolute and relative numbers, and neutrophils and basophils in per cent. By the analysis of variance utilized in the former study, three blood factors, namely monocytes in absolute and relative numbers and neutrophils in absolute numbers, failed to show significant differences between breeds. In the present investigation two of these three factors, neutrophils and monocytes in absolute numbers, were not significantly correlated. Moreover, the most striking variations between breeds lay in the values for the red blood cell count, hemoglobin, lymphocytes, and basophils. In the present study, three of these four factors, red blood cell count, hemoglobin, and lymphocytes, gave the highest correlations obtained. The failure to obtain complete correspondence between the two methods of analysis, by variance employed in the previous study, and by linear correlations employed in the present investigation, was probably due to differences in breed and especially to the smaller statistical sample represented by the male and female groups. The evidence, however, is sufficiently striking to conclude that the correlations obtained were largely measures of hereditary rather than environmental factors, and that the female rabbit as well as the male may be utilized in studying the mechanism of such inheritance.
It is of interest to note that the blood constituents which gave the highest correlations, namely red and total white blood cell counts, hemoglobin, and lymphocytes, were found to be among the most reliable indices of the natural resistance of normal male animals to inoculation with a transplantable tumor (4) and to Tr. pallidum infection (5). It would appear, therefore, that the same constituents should furnish dependable information concerning the natural resistance of the female rabbit to these two diseases. SUMMARY I. The blood cytology of 41 pairs of virgin rabbits was studied, each pair consisting of a buck and a litter mate sister. A comparison of the values for each blood factor of the two groups was made by obtaining the mean difference and the standard error of the mean difference. In addition, correlation coefficients, both zero order and first order eliminating age, and regression equations were calculated for each of the blood cell elements of the bucks and does.
2. It was found that the male values for both the red cell count and the hemoglobin content were higher than the corresponding female values, and these differences were of statistical significance. No differences were observed between the two groups with respect to other cells. Significant positive correlations were obtained between the two sexes for the following blood constituents: Red blood cell count, white blood cell count, hemoglobin content, lymphocytes in both absolute and relative numbers, and neutrophils, basophils, and monocytes in relative numbers.
3. Since all known variables had been held constant, it was concluded that the higher red cell count and hemoglobin value for the male group were the results of constitutional differences between the sexes. Moreover, the significant correlations between the blood cells of male and female litter mates were ascribed to hereditary influences, and thus the female as well as the male rabbit is available for studies on the mechanism involved in the inheritance of the blood formula. In addition, since high correlations were obtained for cells which have been found to be the most reliable indices of the natural immunity of the male host to subsequent inoculation with tumor or syphilis, it was concluded that these cells should give dependable information concerning the natural resistance of the female host to these two diseases.
